Cardiac tumors are a rare cause of arrhythmias in clinical practice. They can cause a broad spectrum of arrhythmias, from low-grade ectopics to incessant ventricular tachycardias, including sudden cardiac arrest. Both primary and secondary cardiac tumors can produce arrhythmias, but not all tumors cause arrhythmias. Although cardiac tumors can cause arrhythmias in fetuses and older adults alike, only specific cardiac tumors are the underlying cause of arrhythmia in different age groups. This article reviews various cardiac tumors that are associated with arrhythmias, their clinical presentations, diagnostic features, and management.
symptoms, consequences of heart metastasis are often mistaken for elements of general health deterioration. and sudden death. 2, 4, 10 Arrhythmias associated with cardiac tumors are more often incessant, especially in younger children, and the mechanism can be reentry or triggered automaticity. 2, 5 Primary cardiac tumors can afflict patient of all ages, with certain tumors being more common in infancy and childhood while others more often seen in adults (Table 2) .
| SPECIFIC CARDIAC TUMORS CAUSING ARRHYTHMIAS

| Tumors common in infants, children, and young adults
Intractable arrhythmia, especially in pediatric age, should trigger a search for cardiac tumor as the underlying cause. 5 It is important to recognize the type of cardiac tumor causing the arrhythmia because management approaches differ. Certain tumors, such as rhabdomyomas, may not require treatment as they tend to regress, whereas fibromas require surgical excision (Table 3) . 
| Histiocytoid cardiomyopathy
Histiocytoid cardiomyopathy is also known as oncocytic cardiomyopathy, purkinje cell tumor/hamartoma, or simply cardiac hamartoma. 9 These rare (about 150 cases in the literature) benign tumors 
| Fibroma
Fibroma is the second most common cardiac tumor in infants and children. 10 Cardiac fibroma is a congenital benign neoplasm that typically affects children, a third of whom are younger than 1 year at presentation. It is the most commonly resected cardiac tumor in children. The mean age of presentation is 13 years, and the tumor has no gender or race predilection. 3 Arrhythmia, the most common presenting symptom of fibroma, is present in up to a third of patients. anterior free wall, and ventricular septum.
11,15
Arrhythmias Clinically significant arrhythmias are more common in fibroma than in any other cardiac tumors. Some form of cardiac arrhythmia is present in 64% of cases, and VT and sudden death may occur in up to 30% of patients. 2, 10 The mechanism of VT is consistent with reentry because the tachycardia has monomorphic and regular morphology, is inducible and terminable with pacing maneuvers, and can be successfully terminated by electrical cardioversion. Some patients demonstrate multiple VT morphologies or polymorphic VT, which is explained by different exit points from the reentrant circuit, although triggered automaticity cannot be dismissed. 2 
Diagnosis
Baseline ECG in the majority of fibroma patients demonstrates Twave abnormalities, and VT morphologies on ECG are consistent with an origin near the tumor site. 2 On the echocardiogram, they usually appear as a distinct, well-demarcated, noncontractile, and highly echogenic mass within the myocardium, with frequent extension into the cavity. 15 They are isointense or hypointense on T1-weighted images and homogeneously hypointense on T2-weighted images. Administration of gadolinium contrast material can result in different patterns of appearance, including no enhancement and enhanced or isointense rim with a hypointense core, which reflects reduced vascularity. 16 
Treatment
Surgical resection is the treatment of choice for patients with fibroma presenting with VT, and it can successfully eliminate the VT in all cases. Without surgery, the size of the fibroma decreases in some patients along with somatic growth, but, unlike rhabdomyomas, fibromas never resolve completely over time. hemangioma is rare, with occasional presentation at birth or in childhood and more common in adulthood. 9 The mean age at diagnosis is 31 years, and it is more frequent in men than in women. 
Diagnosis
On the echocardiogram, hemangiomas appear as an echogenic mass with echo-lucencies located within the endocardium, myocardium, epicardium, or pericardium. They are commonly situated in the right ventricular free wall or the left ventricular lateral wall. 15 On MRI imaging, hemangiomas are isointense compared to myocardium on T1-weighted images, hyperintense on T2-weighted images, and are strongly enhanced by contrast medium, resulting in inhomogeneous appearance because of interspersed calcification and fibrous septae within the masses. 20 
Treatment
The unpredictable long-term behavior of these tumors mandates resection, during which it is essential to ligate all vascular branches since failure to do so will result in bleeding. 11 Even if complete surgical resection is not possible, prognosis for this tumor is favorable because of spontaneous regression. 
| Cystic tumor of AV node
Cystic tumor of the AV node is an extremely rare benign congenital cystic mass. It is also known as mesothelioma of the AV node, congenital polycystic tumor of the AV node, and intracardiac endodermal heterotopia. 9 Though cystic tumors can present at any age (11 months to 89 years), the mean age at presentation is 38 years, with a female-to-male ratio of 3 to 1. 
Arrhythmias
More than 60% of patients with cystic tumor of the AV node present with complete AV block, but the main danger is in the high propensity of sudden death. Cystic tumor of the AV node is the smallest and most common tumor that can lead to sudden unexpected death. 4 
Diagnosis
The majority of cystic tumors are diagnosed at the time of autopsy in individuals who have died suddenly. 3 A sufficiently large cystic tumor of the AV node can be detected by echocardiography. 11 This tumor is sometimes encountered during cardiac surgery for another cause.
11
Treatment
If heart block is the presenting symptom of a cystic tumor of the AV node, a permanent pacemaker should be implanted. 10 Owing to the benign nature of the tumor itself, the decision to resect needs to be 
| Tumors common in older adults
Certain tumors are more common in adults, with some tumor-like conditions such as lipomatous hypertrophy of the atrial septum occurring exclusively at older age (Table 4) .
| Cardiac myxoma
Myxomas, the most common cardiac tumors, constitute nearly half of benign heart tumors. Myxoma occurs in all age groups but is particularly frequent between the third and sixth decades of life (mean: 53 years), with the youngest known victim a stillborn infant and the oldest patient a 95-year-old woman. 6 Myxomas as a manifestation of Carney complex are seen in 5% of patients, who are younger and have multiple or unusually located tumors, with a higher incidence of embolic episodes. Despite being by far the most common primary heart tumors, myxomas are rare in children. 21 Myxomas consist of a myxoid matrix composed of an acid mucopolysaccharide-rich stroma. 6 Histologically, myxomas have soft, 
Location
Myxomas are endocardial and project into the heart chamber cavity.
They arise from the left atrial septum in 85%, right atrial septum in 11%, and left and right ventricles in 3%-4% of patients. 6, 9 Most myxomas have a broad base, and few have a narrow pedicle, which is characteristically attached to the interatrial septum. 3 Tumors range from 1 to 15 cm in diameter, with most being between 5 and 6 cm. 6 
Arrhythmias
Arrhythmias are uncommon with myxomas, and atrial fibrillation may develop in about 15% of cases of left atrial myxoma. 10 A single case of syncope due to torsades de pointes with prolonged QT interval in a 38-year-old woman with left ventricular myxoma has been reported. 22 Repetitive monomorphic VT as the first manifestation of a right ventricular myxoma has also been reported. 23 
Diagnosis
Among the noninvasive diagnostic tools, echocardiography (including transesophageal echocardiography), CT, and MRI are of primary importance. On echocardiography, cardiac myxomas typically appear as a heterogeneous mobile mass attached to the endocardial surface of the fossa ovalis by a stalk. 15 Myxomas usually have heterogeneous low attenuation, with calcification frequently seen on CT. 
Treatment
The treatment of choice for myxomas is surgical resection, which is usually curative, with about a 1% chance of recurrence. 6, 9 Both torsades de pointes due to a left ventricular myxoma and repetitive monomorphic VT due to a right ventricular myxoma have been cured by surgical resection of the tumor, indicating that myxoma was the cause of the arrhythmias.
22,23
| Cardiac lipoma
True lipomas of the heart are rare benign neoplasms, comprising <0.5% of excised tumors. Most lipomas are clinically silent and found incidentally on imaging or at autopsy. 9 Lipomas can occur at any age, typically in the fifth and sixth decades of life, and affect both genders equally. Lipomas account for 10% of all primary cardiac tumors and 14% of benign cardiac tumors. 25 
Location
Lipomas are usually encapsulated, homogeneous fatty tumors, but can occasionally be infiltrating. 24, 26 Cardiac lipomas can originate from the subendocardium (approximately 50%), subpericardium (25%), or myocardium (25%) and are located more frequently in the left ventricle or right atrium. 25 
Arrhythmias
Arrhythmias are infrequent, but location within the myocardium can cause ventricular arrhythmia or conduction disturbance. Ventricular tachycardia (Figures 1-3 ) and sudden death are rare manifestations of cardiac lipoma.
10,26,27
Diagnosis
The echocardiographic appearance of lipomas varies with their location, being hyperechoic in the cavity but hypoechoic in the pericardium and is homogenous without evidence of calcification. 15 Cardiac lipomas appear as homogeneous, low-attenuation masses either in a cardiac chamber or the pericardial space on CT. On MRI imaging, lipomas have homogeneously increased signal intensity on T1-weighted images that decreases in fat-saturated sequences. 24 
Treatment
Surgical resection is usually necessary for symptomatic cardiac lipomas, and it usually results in a cure of the arrhythmia. 26 Even in asymptomatic patients, surgical excision should be considered because of the tendency for progressive growth.
| Lipomatous hypertrophy of the atrial septum
Lipomatous hypertrophy of the atrial septum is a rare benign entity that is characterized by excessive deposition of fat in the interatrial septum and a thickness of >2 cm. 28 Lipomatous hypertrophy of the atrial septum results from adipose-cell hyperplasia of the interatrial septum. 3 The reported incidence of this anomaly varies (1% at 
| Cardiac Lymphoma
Primary cardiac lymphomas of the heart are rare primary malignant tumors of the heart accounting for 1%-2% of all surgically resected heart tumors. 9 The 2 defining features of primary cardiac lymphoma are, the absence of systemic lymphoma and the presence of the bulk of the neoplasm within the pericardium causing cardiac symptoms. 3 Primary cardiac lymphomas usually occur after the fifth decade of life and are exceedingly rare in children. They have a marked male predominance in AIDS patients. 31 Morphologically, the lymphomas appear as multiple, firm, whitish-yellow nodules. The most common histologic type is diffuse large B-cell lymphoma, followed by follicular B-cell lymphoma and Burkitt's lymphoma. 3 
Location
The most common site is the right atrium, although all chambers may be involved. 9 
Arrhythmias
Cardiac lymphoma is associated with atrial fibrillation. 3 Occasionally, it can cause AV blocks as a result of the involvement of the AV node. 31 
Diagnosis
On echocardiography, the tumor appears as a homogeneous, infiltrating mass leading to "wall thickening" and restrictive hemodynamics, or as a nodular mass intruding into the heart chamber, usually the right heart chambers and especially the right atrium. Transesophageal echocardiography is superior to transthoracic echocardiography for imaging as it delineates the tumor better. Histologic diagnosis can be made based on cytology testing of pericardial fluid or by transvenous biopsy under echocardiographic guidance and helps in directing therapy. 31 
Treatment
Prognosis of primary lymphomas is better if patients are suitable for chemotherapy, although the median survival time after the initial treatment is 7 months. Radiation therapy is less effective, and surgical resection of the entire tumor is extremely difficult. 31 
| SECOND ARY CARDIAC TUMORS
The incidence of cardiac involvement by systemic neoplastic disease ranges from 2% to 21%. Although not specific, atrial tachycardia, atrial fibrillation, conduction defect, and low voltage complexes on ECG in a patient with underlying malignancy should alert the clinician to the presence of cardiac metastases. 32 Metastatic cardiac tumors are incurable with dismal prognosis, and the therapy is mostly conservative and aimed at reducing the patient's discomfort. 8 Radiotherapy and chemotherapy, local or systemic, are used to control cardiac metastases along with antiarrhythmic therapy.
| CONCLUSIONS
Cardiac tumors are a rare but important cause of incessant arrhythmias and sudden death. It is important to identify cardiac tumors as a cause of arrhythmia because most of them are benign and amenable to surgical resection resulting in a cure with excellent prognosis.
Implantable cardioverter defibrillator placement is not indicated after a curative resection of a primary cardiac tumor. Prognosis for secondary cardiac tumors is poor, and the treatment is palliative.
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